ABSTRACT. The cylindrical Couette flow of a rarefied gas is studied in the case when the inner cylinder is rotating while the outer cylinder is at rest. Velocity, density and temperature profiles are investigated by a Direct Monte Carlo Simulation method and a numerical solution of the Navier-Stokes equations for compressible flow is found. The results obtained by both methods are: in an excellent agreement at a small Knudsen number Kn=0.02; in a satisfactory agreement at Kn=0.1 and they vastly differs each other at a moderate Kn=0.5. The comparison shows that the continuum approach can be used successfully for calculations of nonisothermal rarefied gas flows at small Knudsen numbers Kn<0.1. These results are important for applications in non-planar microfluidic problems.
Introduction
The Couette cylindrical flow is a fundamental problem in the rarefied gas dynamics [1, 9, 10, 11] . As such, its modeling and numerical solving is of a great importance for the microfluidics, which is the theoretical background for analysis of new emerging Micro Electro Mechanical Systems MEMS [2, 3, 12, 14] .
The design of adequate mathematical models of gaseous flows in micro devices is one of the most important tasks of the studies. We consider both molecular and continuum models treating the gaseous flow by using different level of mathematical description. Both models take into account the specific microfluidic effects of gas rarefaction and slip-velocity regime at the solid boundaries [6, 7, 8] .
In the present paper we compare results obtained by using the molecular Direct Simulation Monte Carlo (DSMC) method with those calculated by a numerical solution of the continuum Navier-Stokes equations for compressible flow (NS). The aim of the paper is delineate the range of validity of the NS with respect to the DSMC solution, which convergences to the Boltzmann equation when the number of modeling particles is large enough to be considered as tended towards infinity.
Formulation of the problem and methods of solution
We study a rarefied gas between two coaxial cylinders (one dimensional, axissymmetrical problem) with equal temperatures T 1 =T 2. The inner cylinder has radius R 1 and the outer -R 2 . The inner cylinder rotates with a constant velocity V 1 and the outer one is static - Figure 1 . 
Continuous Model and Numerical Simulation
The continuous model is based on the Navier-Stokes equations for compressible Newtonian fluid, completed with the equations of continuity and energy transport. The governing equations are written in dimensionless form as follows: 
15 , The equations of transfer (2.1)-(2.4), together with the boundary conditions (2.8)-(2.10) and zero initial distributions for u, v and T, formulate the initial nonsteady boundary-value problem. A second order of approximation, implicit difference scheme to solve numerically the formulated problem is used. Starting from the inner cylinder wall M grid knots are introduced along the coordinate r. Thus, the difference value problem, for a given time t, is reduced to the solution of 4 linearized systems of M algebraic equations.
Direct Simulation Monte Carlo (DSMC) Method
The gas considered is simulated as a stochastic system of N particles [4, 5] . All quantities used are non-dimensional, so that the mean free path at equilibrium is equal to 1. The basic steps of simulation are as follows: F. Flow macro-characteristics (density, velocity, temperature) are calculated as time-averaged when steady regime is attained.
G. Boundary conditions are diffusive over the cylinders and periodical along axis Oy.
The modeling particles number for DSMC method is 3200000. The results obtained by both methods are: in an excellent agreement at a small Knudsen number Kn=0.02; in a satisfactory agreement at Kn=0.1 and they vastly differs each other at a moderate Kn=0.5. The comparison shows that the continuum approach can be used successfully for calculations of non-planar isothermal rarefied gas flows at small Knudsen numbers Kn<0.1. The using of simplified boundary conditions or boundary conditions, which content second derivative along r, not leads to the results improving.
